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NOTICE:  When  governiaent  or  other  dravlnicB,  sped* 
fleatlonB  or  other  data  are  used  for  any  purpose 
other  than  In  connection  vith  a  definitely  related 
government  procumoent  operation,  the  U.  S. 
Government  thereby  Incurs  no  responsibility,  nor  any 
obligation  whatsoever;  and  the  fact  that  the  Govern > 
ment  may  have  formulated,  furnished,  or  In  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  Is  not  to  be  regarded  by  Implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corps^ration,  or  conveying  any  ri^ta 
or  permission  to  manufacture,  use  or  sell  an^' 
patented  invention  that  may  in  any  way  be  related 
thereto. 
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\HST|JA(n'.  'ITip  Import  tK«*  tlmipn  an*!  rvnlunlion 

of  ihr  flenre— cell,  a  flanped  colnmn  with  olniin  papro  MllMrhr<l. 
'I'nIiIcm,  praph*.  end  eqnaliniia  akow  lh<>  rhonirtrriiiliro  of  thr 
flrwre— cell*  Mrnulli)  nIiom  ikot  thin  flrtiklp  ImlfitNnif  mount 
In  rhniip,  hrmcr  ripnniliihip.  and  ropahln  of  ihnini  n*panur<>mrnln 
of  fairly  hipk  acniracy. 
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AN  ACTIVITY  Of  THI  OUIIIAU  Of  NAVAL  VIAfONt 

C  ItiNMAN,  Jn.,  Cant.,  UtN  Wm.  I.  McLian,  faOl 
CtmmmHt  TmAmmW 


fORCWORD 

HiIr  ri^nrt  »  nitlically  new  apiirDMcIi  to  lb*  doalKii  of  «  olt'cnmpofitNi  iN«lir>nriNf( 

irol  oIoikI  (or  nm>  in  hninriioun  l«ntn  whora  ibt  ponnlbilily  of  eompUlo  dontrurtion  of  Uio  oionif  in 
hink.  A  mnjor  objoctivo  of  Ihn  lUvolopmoot  «»nn  to  provido  on  inonpranivn  loot  niond  no  ibol  tbn 
innn  wnoid  not  bo  ktooI  in  rono  of  n  colonlropbic  mnlfnnclion. 

Tbo  drninn  nnd  fniirirolinn  of  tho  tool  niond  worn  eoiriod  onl  on  o  nborl  limo  ncoio  ond  on 
nptimiaolion  of  componenln  wnn  ponnible.  Tbo  ponotol  oppmorh  provod  to  bo  nurcennful,  konovrr, 
ond  the  infnrmolion  in  tbin  ropnrt  nbould  ito  onofni  to  olhom  onpoiiod  in  ibo  donipn  of  niondn  for 
hinh'boaoni  lonlo, 

Tbo  worb  donrrihed  wroo  porfonnod  during  tbo  oununor  of  I960,  ond  culminolod  in  o  fulbnrolr 
I’olorin  loot  firing  in  Seplrmiior  I960.  Tbo  nor*'  won  nupportod  bv  Ikiroou  of  Ordnonco  Tonb  An< 
nignmoni  Si*  71401, 

Tbin  report  won  roviowod  for  lochnicnl  orcuincy  by  Koy  Mcf-ullougb,  Jr. 

Krlronod  liv  I'nilor  nulhnrilv  of 

K.  Mc(:i  l.i.Ol!(;il.  JH.,  Hood.  j.  T.  IIMni.INO,  Hood, 

'IVnI  A  Kvntunliofl  Div.  I’mpulninn  DovoInpmonI  Dopl. 

I  I  Soplomlior  19fi0 


I'llldinlird  lo  . 
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I  ir<il  prinlinK  . 
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MAwfFi  KifOftr  rm 


INTRODUCTION 

n«imli«r  of  •nrltoMnolor  loolo  iovoIvtoK  peoolblo  nr  rai«*lfuf>lifr  Uilorr*  b«*  i  f 

rToo*r«l.  Sitb  Im|«  moy  rooull  lo  iho  iWolniclioR  of  Ui*  loM  oUoil  ood  ilo  fittur#*,  ofeicb  « 
liiNily  undooirakl*  oiqtonililuro  of  liit«  ood  moiioy. 

n»o  oik'comiiononi  loot  olond  U  {•fokotiiy  Uio  mool  i>«pMiiivt  loot  olood  fo  o»#  lo«U».  N  l«f|n» 
|iNr1  of  ilo  cool  In  In  iho  flniiiiv  pivolo  ond  lood  colln  ikol  provide  froodom  of  movofornt  for  lb'*  i«'ol 
olond  ond  moooom  ibn  ikniol  dovoinpod  by  tho  motor,  rtopocUvtIy,  Coonnrrcioi  flooor**  plv*»lo  owd 
lood  collo  hovo  boroinforK  bron  ooporoto  uoilo  ond,  ollboonb  ocmralr*  orr  ftprnolvr. 

In  mlibl'JW,  ilir  I',  S,  Novol  Ordnonco  Tool  Stolloo  (NOTS)  moo  oobod  lo  droifto  ood  foliHroir 
M  oi«>rontpnn<>nl  loot  olond  for  moo  in  o  tool  tbol  mi|dil  rooolt  to  on  rofiinr  foiloro  of  o  »iolroi  noioro. 
Il  MOO  dromod  dooimbir  lo  deoinn  ond  mooofoctoro  a  olo||lo^oil  flonort  pivol-tood  cell.  TbI*  li«oo. 
borrofirr  collod  o  noinro— coll,  conoiolodnf  o  eyliodrleal  mloooi  flotnirv  on  ohirb  a  bolanrod  itol* 
irm  of  oiroin  |io||«o  moo  orronfiod.  Ilie  nonoM  colonm  olloMod  rololivoly  fror  IrnUoinnd  moiion.  and 
ibi*  oiroin  rohoo  provided  o  meano  c *  meoottrioR  leoolle  or  cewproooive  loodo  free  of  l»rndin||  rffrrio. 
Ilie  reouli  Rreolly  re<hired  ihe  numl>er  of  itemo  neceooory  for  a  oit^con^nneol  leoi  oioi'd  oo  Hell  no 
ibe  nver*all  cool  of  ibe  olond.  Kipitire  I  oboMo  ibe  location  of  ibe  flekore— cello  on  ibr  olond:  I-  i«.  2 
iltuoirolen  tbe  Incotion  of  commercial  llemo  oben  ooed  on  tbe  omne  leol  mond. 

Il  obould  be  nnirii  ibal  o  convent Innol  ltoldMin*l.imo*llomillnn  (U>fp.  rtO.nOIVpound  univcf^oi 
lood  cell  MOO  uomi  In  meooure  niiol  ibnioi  rolber  ibon  o  neirare.«cell.  NOTS-loiili  column  ncvurea 
Mere  iioed  in  conjunction  allb  ibio  one  cnmmcrcini  load  cell,  bnoever. 

I  able  1  rIvco  o  cool  onolyoio  of  ibe  moot  inetpenoivc  mnonerciol  flckiirc—lcod  cell  rnmbino* 
lion  rompored  lo  ihc  flc«ure-ce||  ormnpiemenl  oclually  ooed.  Tbe  numlier  of  rommerciol  flrvure 
pi%olo  could  be  cut  in  half  by  ibe  uoe  of  univemal  flevureo  inoleod  of  |«h>  mnibilor  flcvureo  in  nerieo 
iio  Holed.  Tbe  uoe  of  uni  vernal  flenureo,  boMcver,  Rreolly  imreaoeo  ibe  oveeall  co»l  of  Ihe  iml 
nlMO'l. 
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RIfOIIT  TItf 


THE  FLEXURe-CCLL 


ll  m»m  MrvmMwy  lo  oihI  iiiwiNf«elMr«  ik*  fln*r»>rtlli  to  dvInfiniM  im 

«<•  bnih  «  n*(w«  pivot  oimI  •  loud  ctlli 


OMON 

Tilt  dfidp  of  Ik*  floiNrt-cfll  wm  boord  on  iko  oolokliokod  coIhinii  fonnoto  wilk  ikv  oHiilrory 
rkoic*  of  0  I2«inck  ItRutk. 

I- . 

TT 


ohm>  P  •  dooiioi  food  per  fleioro-celli  in  poon<fai 

/.  <■  efftclivo  lenplk  of  onl«mn«  token  on  octool  lenulh  of  12  inchen  In  provide  nofely  fortnr 
I  <•  (ir/4)r*,  moment  of  inertio  of  eolumn 
•  30  V  10*  pul,  oooomed  modoloo  of  olootieity  of  oteol 

Tolile  2  ohowo  the  remiitn  of  the  «o«  of  thin  eqootion. 


TAIII.K  2.  Vai.uks  pou  Fij:xuiie-Ccuj  and  Oii.um  Ki.ksiiii».a 
CAi.ctn.ATi:o  From  IIaric  Demcm  FotiATim 


Item 

l)e*l|pi 

U*.l.  lb 

Calculoled 
rodln*  «( 
mlomo.  la. 

Raiiia*  of 
rolania 
a*e4,  la. 

Momewi  of 
inertia. 

la* 

5lde  flexore— cell 

10.000 

0,3H 

0.30 

fl.0(yi.Vi 

tlolloni  flexore-cell 

IVOOO 

0..1tl 

0.,173 

O.OIVi 

Axi*l  colooin  flexure 

.VI.OOO 

0.42 

O.V) 

0.0442 

FABRICATION 

Fifpiren  3  ond  4  nhnw  the  two  lypen  of  flexure-celln  fobrirnted  ond  Irnled,  nod  the  mini 
rolnmn  ftenirr  uned  to  nupport  the  commerciol  tond  ceil.  Knch  of  ihenr  itrmn  v«nn  mnnufnriured 
from  S.A.F..  4130  fovr'inch-diometer  nieel  bor  nlnrk. 

f!och  lilllel  oon  ullrononicolly  innpected  for  fln^vn,  then  mnchined  In  .ipprovimnlrU  0,1  inrh 
overnire  on  oil  dimenninnn.  The  rniifih*rut  piece*  «»ere  heni  Ireoied  lo  1  tO.OOO-pni  minimum  yield 
nlrenpilh  (liockoell  (3  hnrdnenn  of  3R  to  40),  Knrli  piece  wm*  ullrnnonirnlly  tented  ngnin  for  flnw* 
liefnre  the  finni  mnrhininpi  ond  diillino. 

Ih.  nirnin  |(0||e*  uned  on  the  ne*ure-c"tln  Here  Intnoll  Metolfilm  foil  ntr.iin  K'*k'*"> 

(y»*l2l.  Kiitht  of  ihene  ttOR*'”  oere  inninlled  in  the  center  neclion  of  mrli  flexure— cell  Milli  enili 
dinmelricolly  opponed  poir  ronnlitnling  on'’  leu  of  the  hridiie  circuit,  on  nlmwn  in  i  i|{.  Ihin  rim* 
tiKurolion  eliminoled  lieodioA  effect*  ihol  **ould  hove  oihenvine  offecled  the  reodinit*  token  from 
the  oiiten.  The  finol  H*|te  poltern  ollorred  onU  len*ile  or  comprennive  looil*  In  he  meoniireii. 

To  protect  the  ROfte*  ond  their  lend*  from  du*l,  miiinlitre.  ond  n>uRh  hnndlinR,  the  RORen  Mere 
rncloned  in  0  |•ro|erlive  coverinR  (177  r  of  (*ener»il  I  lerlnc  (',<».  •ilirone  ruhlter  ctmipound  in\*Ml 
ond  2.W»  R  of  (ienerol  K'lectric  (in,  Thermolile  121.  After  0|>pli colion,  the  niMier-like  molinR  *»*• 
fvposed  In  infrored  heolinR  lontpn.  nhi  .'h  reduce  the  ninnR  lime  to  .1  nr  1  hnurn 

I' lexure  — ( ell*  1  ond  .1  hod  lieen  r  olihrulefi  Itefore  the  H  I  \ -/lO  oppliroli»n.  ond  Ihex  Here  re* 
l  otiliroird  with  no  choORe  in  chororleHnlir*.  Hexiirr-n  lU  2.  t.  ond  ^<.  honexe,.  niinned  on 
•  Ir.iruo!  I"  l.<i!(ini'e  m  the  lirldRe  liriiill  from  •M  to  ti.t'  volt,  'shiih  renilere.l  them  unele**. 
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Vo  cniicUoiiMo  Mom  l«  ivkoi  hod  cMMd  iko  imUliiNro  in  lk»  tmg*  rirtoii.  (Ikr 

ikciify  Uiol  iko  MT\*A0  and/or  lla  oatat)'a|  kad  aoniakow  acltd  oa  ika  napoo  or  airiap  to 

daatroy  ikaIrtrrtcUvaoaaa. 


Tkt  daaiaf^d  riatura-ealla  aara  alrippad  of  ikoir  papaa  aod  aaw  papao  Mara  ofipliad.  la  Ifca 
raa^liralina  of  ^pa.  h  waa  nacfoaary  l«  aaa  larpar  papaa,  Talnall  Malalfilai  l^pa  {>V.|4I,  oa  lao 
of  tht  naaara-calla  boeattaa  of  a  akortapa  of  ika  oaiallar  typp  Uaa  of  ika  OV-UI  papaa 

raaullail  ia  no  apparaal  diaadvanlapoa. 

fVntaclioa  waa  prsvtdad  ika  papaa  aad  wiriap  hjr  aarinalap  ikaat  ia  a  Inoaa  cyliadar  of  rard* 
board  boaad  wllk  alaelrioal  tapa. 


IPFICnVIHIU  AS  A  PLIXIILI  klOUMT 

la  ordar  lo  ba  aaad  aa  a  flaaura,  iko  flaaara«»ca||  kad  lo  coalribala  a  ralalivalv  aoiatl  raaiataaia 
lo  |aa|*aland  aiolioa. 

Hjr  aaa  of  riaaalcal  baaai  lhaory,  opuatloaa  wara  dativad  for  tka  ikaoraiical  raalraial  lo  laal* 
aiaad  molloa  conlrilailad  by  aacli  floRuraocall  aad  by  iba  atial  ooluma  flaKuraa  (aaa  Appaadiv  A). 

Tka  ikaoraiical  raalraial  ia  pounda  par  0,01  lack  of  laal^alaad  aatiion  paipandinilar  lo  ika  a«(a 
of  aack  flanra-call  or  coluaia  flaRiira  fotlowa: 


Side  fla«ura-eaU  .  17 

llolloai  flaKuro-call .  42 


Airial  eoluma  flArura  aad  load  call  aaaaatltly .  4.7 

ll  aliould  b*  aolad  lhal  lha  ikaoraiical  raaulla  akown  aliova  aara  baaad  on  a  mran  ruliimn  lanath 
and  wara  aol  dalarmined  by  a  complalaly  riporoua  malhamalical  proof, 

ll  ia  aaan  lhal  a  aitabla  amounl  of  raalraial  ia  provided  by  ikaaa  (lavura—ralla;  hnwavrr,  llii" 
ia  a  rapaalabla  arror,  kor  ika  apacific  laal  for  which  ikaaa  wara  daaipnaii,  however,  lliaaa  inkrrani 
inaccuraciaa  in  Ihnial  maaauremani  wara  lolarabla  (aaa  Appandit  ll). 

If)  atkiilinn  lo  flavildlily,  it  waa  alan  of  prima  impoHanca  lhal  ilia  flrnira-ralla  ba  boih  airoog 
find  alabla,  aapacially  wilk  offaal,  Offaal  la  dafinad  aa  ika  lalaral  daflaclion  of  ona  and  of  ilia 
flaxura-call  or  of  ika  mlnmn  flanura  and  lond  call  aaaambly  wilk  raapacl  lo  ikr  opjioaita  and. 

I.niioralnry  laala  on  ika  flaxnra-ralla  ahowad  ikam  In  ba  axtramalv  alronp  niul  ainbla  a\-an  a' 
hiph  valuaa  of  offaal.  I’ipiira  f>  atinwa  lha  iillimala  alranplb  of  n  aida  fia>nra-rall  laala.l  in  n>n.|.raa. 
aion  wilk  0.0|.inck  offaal. 

ripiira  7  aliowa  ika  mini  varlical  daflaclion  baiwaan  antl-flnnpa  fncaa  of  n  ai.lr  fla»iirr-f all 
na  a  fiinrllon  of  c«im|>raaaiva  load.  Iba  riinnpa  in  alojia  of  iba  ploia,  will,  and  williiNil  offaal.  ia 
diia  In  Ilia  aliapa  llial  lha  piarr  naaiimaa  wlian  ila  anda  ara  offaal.  Piib  no  nffacl  lha  romjiraaai\a 
daflaclion  in  ilia  f|atiira-ca||  ia  lha  aama  na  lha  daflaclion  lialwaan  ila  flanpa  faraa,  Piih  off¬ 
aal.  howavar.  Ilia  lolal  fxoT’praaai  va  dafomialion  in  lha  piara  ir  no|  lha  aama  na  lha  varlical  daflat- 
linn  lialwaan  flanpa  faraa  liaraaaa  of  lha  S.,hnpa  of  tha  fla»iira-i  all.  I  ipiira  H  illiialr.ilaa  ihia  far». 

I  linira  7  4|owa  ihal  lha  flavnra-call  .|i.|  W||ha|,in.|  daaim,  |o„.|  Wtih  .la  iiuk  I,  .la  <l.:.ViiMh  offaal. 

CFFECTIVf HESS  AS  A  LOADdPEASURINC  DEVICE 

Inaamiirh  aa  lha  flavnra-rall  niiial  provide  not  onl»  a  raaaonahla  flavihiliU  toil  alao  nn  arm- 
f.lla  tiaitna  of  maaaiinfiK  iba  lanailr  or  ciHMpraaaixr  londa  inipoaa.l  on  lha  lha  (ollowinp  fa. 

>|.ilfanian|a  wara  daamad  naccaanr)  : 

I  lha  .lain  (load  varaiia  airain-indiialor  ra.i,li.ip»  ah.Mit.l  l.r  lina.«r  fr-oi  n..  l.md  lo  .laaipn  load, 
lha  amount  of  .iffarl  aliould  nol  affaci  lha  .lain. 
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.1.  I'Hv  n^iwv-c*!!  slieNld  b«  mhmIUv*  lo  iReiMiMliil  lo«diii|i  *1  all  laaj  lavala. 

4.  Tlia  <bl«  nbovld  rtiiial*  eoRvlMi  «»llk  raiMaiad  iMdiaff. 

I^baniloiy  ImIm  aboHad  ibal  lha  llaaarity  af  afplitd  laad  varaaa  alrala«iadlealor  rtadiag  mmm 
vary  laiod  (aaa  Kin.  9-20).  It  aboald  ba  aalad  that  iba  atfaia*ladiaau>r  raadiafa  did  aal  giva  artaai 
daiiacliaa  ia  ni*  baeaaaa  of  iba  aialhod  af  laatian.  laaiaad.  lhaaa  raadiana  art  aiaraly  a  airaia' 
ifldiealar  iadav  af  laad  eaadiliaaa. 

Offaal  bad  littla  ar  aa  affael  aa  Iba  raadiana  abaa  caaifiarad  wilb  raadian*  al  aa  affaai  (aaa 
Tabla  S). 


TAIil.K.3.  (iMiuaMOM  or  STaAiadmiCATna 
IlKAmNot  AT  No  Ormrr  and  at 
0.14  N.  OrruKT  oa  llorrmi  KixivaK-Cm. 


CAnii.7:.n«iv«  Inad. 
lb 

Raadlag  «rllb 
aa  aflaal 

Reading  wlib 
0.1  .in.  olfael 

0 

4.041 

4.641 

t.UUO 

4.460 

4.411 

3.000 

4.ro 

4.260 

.1,000 

4,060 

4.070 

4.000 

.1,661 

1,660 

.1,000 

1.A90 

1.661 

a, 000 

i..*.oo 

1.401 

7.000 

1..101 

1..300 

fl.OOO 

.1.11.', 

.1.111 

9,000 

2.930 

2.921 

10.000 

2.740 

2.711 

13,000 

2.160 

2,111 

14.000 

1.97.', 

1.971 

11.000 

1.791 

1,791 

Srnailivily  laala  on  aida  naiura— call  2  nhnared  ikal  al  all  Irvala  n(  loading  ihn  Mnalliol  inrr«^ 
mml  nf  load  dalaclalila  nn  a  lUldwin  .Srain  Indicator  wan  CA  poundn. 
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USE  OF  THE  FLEXURE-CELL  TEST  STAND 

In  September  I960,  a  test  stand  utiliiing  flexure— cells  was  used  for  a  destruct  test  of  a  full- 
scale  Allegany  Uallistics  laboratory  second-stage  Polaris  motor.  This  test  required  six- 
component  measurements,  and  the  possibility  of  a  catastrophic  malfunction  titas  high. 

The  genera!  anasgetKcnt  of  motor  and  test  stand  is  shoHn  i.:i  Fig.  2i.  A  view  of  the  forward 
end  of  the  motor  is  ^own  in  Fig.  22.  Two  of  the  flexure— cells  can  be  seen  below  the  horizonta! 
slab  of  armor  plate  to  which  the  motm-  is  attached.  Ihe  toothed  hoop  around  the  center  of  the  motor 
is  an  antiflight  device.  The  destruct  device,  a  linear  shaped  charge,  cannot  be  seen  but  is  located 
beneath  the  motor  skirt  and  against  the  forward  bulkhead  as  a  loop  that  includes  the  two  thrust- 
reversal  ports  visible  in  the  photograph.  Rgure  23  is  a  view  of  the  after  end  of  the  motor;  three  of 
the  lower  flexure— cells  can  be  seen.  A  fourth  flexure— cell,  for  side-thrust  measurement,  can  be  seen 
in  the  center  of  the  photograph.  The  two  triangular  side  supports  serve  to  resist  yaw  forces. 

The  only  force  that  was  not  measured  by  means  of  a  flexure— cell  was  axial  thrust.  A  conven¬ 
tional  llaldwin  strain-gage  load  cell  was  used  for  this  measurement.  The  cell  was  wrapped  in  as¬ 
bestos  for  protection  and  was  supported  by  a  rod  flexure  at  each  end. 

The  results  of  the  detonaticn  of  the  destruct  device,  followed  by  the  firing  of  the  propellant, 
ran  be  seen  in  Fig.  24  and  2S.  All  flexure— cel  Is  were  undamaged.  As  can  be  seen  in  Fig.  24,  the 
rod  flexure  attached  to  the  Baldwin  cell  was  bent.  This  is  believed  to  have  been  due  to  heat  from 
the  large  opening  in  the  forward  end  of  the  motor. 

No  attempt  is  made  here  to  give  details  of  the  destruct  test.  It  is  desired  on!\  to  show  that 
the  stand  was  structurally  sound  following  the  test,  with  the  exception  of  the  one  lient  rod  flexure. 

CONaUSIONS  AND  RECOMMENDATiCNS 

Ihe  use  of  flexure— cells  in  rocket-motor  testing  seems  to  l»e  promising,  especially  in  tests  re¬ 
quiring  thrust  measurement  of  fairly  low  accuracy  and  in  which  destruction  of  the  test  stand  and 
fixtures  is  probable.  These  items  mr  lower  in  cost  than  commercial  flexure  pivots  .-uid  l.-vid  cells. 

A  more  extensive  test  .and  evaluation  program  should  be  conducted  on  the  flexure— cell.  It  may 
prove  that  the  first  set  of  flexure- cells  was  oveniesigned.  If  such  is  the  case,  the  rJiffness  of  the 
flexure— cells  can  be  rcrluccd  b\  <lccreasing  the  diameter  of  the  column. 

It  is  also  suggested  that  the  surface  of  the  flexure— cell  he  finished  to  a  muchness  of  ^>0  pin 
or  less.  The  first  flexures  manufactured  did  not  have  a  fine  finish  in  the  region  xxhere  strain  gages 
were  appPed.  As  a  result  of  the  mugli  surface,  difficulty  was  encountered  in  applying  the  gages 
and  an  electrical  imlialancc  was  found  in  the  gage  circisit. 

\  more  Jirecisc  value  of  h.  the  modulus  of  elastic::.,  should  i>e  delennineif  for  liir  heat, 
treated  4130  steel. 

^ith  the  first  flexure— ceils,  a  lengih  of  12  in.rties  was  assumed  and  use*!.  It  wvulii  be  of  value 
;*»  iletenninr  exactly  which  lengths  arc  most  suitable  for  certain  |o,id  ennditsous.  It  may  prove  thai 
a  longer  length  than  12  inches  is  poss-hle.  dni*  woubl  reduce  the  stiffness  of  the  flexure— cell  an*i 
make  it  even  more  pmmising. 

I'or  future  tests  using  ti?e  firviire— cell,  the  irsi  stan*!  coiibl  !»e  simpUne*!  iiv  rc*luciug  flom 
four  111  three  the  niimher  of  flexure— cells  hobiinc  ttiC  mounlmg  plate,  with  the  fnllowinc  advantages: 
there  woulii  be  *s*r  less  flexure— cel!  to  fabrstale.  .it:  i  since  three  points  define  a  plane,  the  setup 
of  the  !-sI  st.-ini!  would  be  sitr.pi H fie«l,  e.-peciallv  in  e.xse  of  irregulanties  in  the  main  base  plate. 

the  ppiposei!  .rm'ngerrent  of  the  three  flexure— ceil-  is  tv'll  flexure— cells  m  .1  ;i|,xne  through 
,3ir  rrnlet  of  crovilv  of  t-e  -lolor  .11  right  .ingles  jn  she  motor  axis,  and  one  ilexiire— lell  ail  o|  the 
T.'l-u  ler.tet  .if  gravrtv. 


5 


NAVWEPS  REPORT  7899 


Appendix  A 

THEORETICAL  RESTRAINT  TO  TEST-STAND  MOTION 
CONTRIBUTED  BY  EACH  FLEXURE-CELL 

In  deriving  the  equationK  for  the  theoretical  restraint  to  test-stand  motion  provided  bv  the  in- 
dividoa]  flexure— cells  and  by  the  column  flexure— load  cell  assembly,  a  comnletely  rigorous  mathe- 
matisal  derivation  was  not  followed  because  of  the  conqilications  that  would  have  resulted.  Inc 
results  should  be  reasonably  accurate,  none  the  less. 

NOMENCLATURE 

E  s  Modulus  of  elasticity  of  the  flexu.'C— cells  and  the  column  flexures,  assumed  to  be 
30.000,000  psi 

/  =■  Moment  of  inerl’a  of  flexure— cell  and  column  flexure,  assumed  constant  for  th<* 
former 

/.  =  Length  of  me.-nl»cr 

If^  «  Rending  moment  at  end  K,  lf,^  -  PL  -  M/j 
=  Iten^ng  moment  at  end  B 
WCx)  ”  Bending  moment  at  any  distance  x  from  end  \ 

P  =  Force  reipiircd  for  deflection  of  end  B 
R  Rail  reaction  IR  *  P) 

■>  =  Deflection  pcqiendicular  to  axis  of  piece:  in  final  equations  \  is  the  deflection,  or 
offset,  at  end  H 

BOTTOM  AND  SIDE  FLEXURE-CEl.LS 

In  the  bottom  .and  side  .flexure— cells  the  end  faces  remain  parallcJ  to  one  another. 
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W»)»ttt-UA  i  ilt 

^ -  /*/.♦  1/*) 

./v/rf»  «  \/mUPx*  'Si  -  PL*  ♦  V«*  4  C,1 


V  -  \/HlUP**/i^)-iPL**/ii  4  (W/»r*/2)  4  r,t  4  Cal 
l'‘nr  Ihr  iMMimUr/  cnniiillnnii 

I  «  0} 

Jy/ilt »  0,  h«iice  C|  -  0 
y  "  0,  h«iie«  Cf  •  0 

t  •  /*i 


Dimfnrf/ 


At  t  -  L 


Jy/J*  •  0,  hence  l/g  «  /•/./2 
y  -  1/C/  ((/»*»/«)  -  {/’/.»*/4)l 


y- 1//;/ (-/*/. Vl2)  or  Pm]2Kly/L* 

‘Nntei  In  eveluelinn  thU  level  of  renlrninl  per  0.01>inch  offeel,  «  menn  lenulh  of  tl  indiee  wee 
eeed  for  L,  bneerf  on  the  eeeumption  that  the  moment  of  inertia,  /,  wan  conelanl.  Hie  repwlla  of  the 
evaluation  of  the  etpiation  are  ahown  in  the  table  on  p.  I. 


AXIAL  COLUMN  f LIXURI-LOAO  CILL  AtMMtLY 


RECnN  0  <  a  <  11  INCHES 

WU).  /f»  -  W4  -  Cl  -  Wi 

i^.y .  1  (f,  - 1/, ) 

.It^  i:i 


./v  I  :u  Uni 


(II 


»  I  //(/’i'  f.-  Un‘ 


(2) 
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REGtON  11  INCHES  <  x  <  23  INCHES 

V(x)  =  0 

-1(0) 

Jx^  FJ 

Jy  'dx  =  Cj 

y  =  Cjx  f  C4 

For  the  boundarj  conditions  *  =  11  inches.  E<}.  (1)  =  Eq.  (3),  fcencc 

F--.  (121P  '2FI)-  (11 

C«  =  (1211/4  2F0-  (1.331P'3E/) 

dx  dx  =  (121P  '2E/)  -  (1 1  Mj/cn 


■31so,  h<j.  2  =  Fjj.  4,  hence 
Equation  (3)  Leconses 
and  hq.  4  i>econ;cs 


V  .  (121Px'2E7)-aHf4x  FI) -lump  '3A/)  *  (121 
REGION  73  INCHES  <x<34  INCHES 

^=-L(Px_l/^i 

dx=  FI 

Jy  dx  «  1  'FI  UPx'  '2)  -  1/4 1  *  Cji 
V  -  1  FI  UPx^  ft)  -  (1/4,1  2) .  Cjx  *  Cftl 
For  the  hoandan  .mndition  t  =  23  inches.  F:q.  55)  -  Eq.  O.  hence 

C;  -  121/4  -  204/’ 

-  l.dj, 

Cs,  -  .ifiup  ^  ynVjt 

For  the  inunAin  condition  j  -  34  inches.  Eq.  17)  -  0,  /„,■„  nhich 

If,-  -  17P 

I-«|.  'Hi 

»  If/’,’  A//t .  2fn  • -  lar  m 

\i~T.  Eq,  1‘J)  tields 

'  3.13ir  n  nr  p  t,-  i  Hj 

rrsyiu  of  ,J,e  nqnn.,nn  shosn  ,n  the  la.le  *.  r 
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ApptiidiR  B 

ESTIMATED  STEADY-STATE  ACCURAa  OP  THRUST 
MEASUREMENT  USINC  PLEXURE^ELLS  ON 
SIX^OMPONENT  TEST  STAND 

In  drlrnnining  th«  nceucncy  of  thrunt  meMHmnnnt,  ihruni  raodingn  nro  nnmmoil  for  lii<>  nidr 
fleiure-celln,  the  bolloff<  flemire— celln,  anil  the  axial  load  cell.  Kor  nach  of  thoae  rrcorded  loada. 
(he  elaalic  defonnation  itiiponed  on  the  particnlar  membera  ia  computed  uaing  a  lenplh  of  14  iacbea 
to  pive  a  maximum  value  of  eoiqtreaaive  or  tenaile  deformation.  Thia  defonnation,  then,  caaaea  an 
offaet  of  (he  name  magnitude  to  exial  in  (he  rcmaininp  flexure— rella  and/or  (hr  column  flexure- 
load  cell  aaaembly.  The  offaet  impoaed  deteminea  the  unnieaaured  reatraint  contributed  b>'  (beae 
other  membera,  frnm  ahlch  the  appntximate  accuracy  of  the  original  thruat  reading  ran  be  ileter^ 
mined. 

NOMENCLATURE 

P  ■  Thniat  met.aurement  recorded 

/.  ••  Length  of  member  undergoing  deformation  canned  by  the  impoaed  thruat,  taken  aa  14  inrbea. 
I  •>  ('maa*aectinnal  area  of  member 

K  -  Modiilua  of  eiaaticity  of  ateel,  taken  aa  ^iO.OOO.OOD  pai 
A  -•  Kliiatic  deformatiim  cauaed  by  inboard  load 

STEADY-STATE  ACCURACY  OF  SIDE  FLEXURE -CELL 
THRUST  READING 

If  the  two  aide  flexure— celia  each  rend  1,000  pnunda  of  llirual,  then 

-  Pl.HE  -  d.OOOMl  l)/(0.2R2)(.'W)  w  10*)  .  >  lO**  in. 

Siih  iinitnni  flexure-cella  having  an  offa»*t  of  10. Tm  v  10'*  inch  their  lotiil  reairiiinl  ia 

(4)<42)(O.OOlO.W)  0.01  -  27.0  ll> 

Silli  a  mliinin  flexure  and  load-cell  naaemidv  having  on  offaet  of  1 .0.V»  >  10“^  inch,  the  tol.d 
reairnint  ia 

<  t.:)(0.(H)lO,V'.)  '0.01  -  O.R  II, 

lleiire.  lotol  reatmining,  unmenaured  force  ia  2R.0  poumla  and  the  jiercenloge  <trnirar\  of  the 
originol  2.000-pound  tliruat  reo«ling  ia  l.l.T  percent  on  ai,le-thrua|  menaurementa. 

STEADY-STATE  ACCURACY  OF  BOTTOM  FLEXURE-CELL 
THRUST  READING 

If  the  flair  l«>ttnni  flexure-cella  each  read  1 .0tt*>  |>ounda  of  thixial,  then 

.Vboiiomt  PL  IA  -  (l.tximd  1)  (tt.  I  I2t(10  .  10*)  l.'tr,  .  in-' in. 
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tllfc  Hid*  nmn-MlU  ttaviiR  m  oIImi  •!  1.06  k  lO**  Udi,  ibtir  lold  rwiralM  it 

(2Ml7.tXOM106)/0.01 . 14S  lb 

Wiib  coIhnir  fltviirM  Md  load  ooll  aoMaUx  bovlaf  aa  affoat  af  1.06  k  10*'  (aab*  iba  total 
foainilat  la 

(4.7)<0.00106)/04>1  -  0.8  lb 

IlfBca,  laul  raatraiaiagt  aataaoMifad  (area  la  4.18  paaada  aad  tba  xareaaUfa  aeatracx  af  Iba 
oriplMl  4,000.poaad  ibniol  laadlag  la  0.108  pwcaat  oa  vartleal-lbroal  waaaaaMaala. 

8TIADY4TATI  AOOUIIAa  OR  AXIAL  LOAO^LL 
THRUST  RRAOmO 

If  tho  aiial  load  call  raada  80,000  paaada  af  ibiaol,  tbaa 

8(laa4  call)  ■  0.01  la. 

dlflahaaa  flaniaa)  .  (2K80.000Xl4)/(0.7f)S)(80  k  10**)  -  0.06  ia. 

ilaaca, 

a(iaial)  •  0.07  la. 

WiA  bottom  flaiara-calla  baviag  aa  aftaal  af  0.07  lacb,  Aa  telal  rtatraial  ia 

(4K42)(0.07)/0.01 . 1.17S  lb 

liA  aida  naxara>ealla  baviap  m  affaat  af  0.07  lack.  Aa  taul  raatralat  ia 

(2X17.2)(0.07)/0.01 . 240  lb 

Ilaaca,  tba  total  raatraiaiag,  aamaaaarad  (area  ia  1,418  paaada,  aad  Aa  parcaataita  acaaracy 
of  Aa  arigiaal  S0,000*f  oaad  Araat  raading  ia  2.88  parcaat  oa  axial  Afaat  aiaaairaaiaatB. 

It  ahould  be  noted  Aat  Aaaa  raatrainta  are  bigblx  repeatable  and  coald  aaaily  be  acooanlad 
for  wiA  in*place  calibrn*ion  of  Aa  lent  ataad. 
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SIDE  VIEW 


17/32  DRUX 


SPOT-FACE 
1/2  RADIUS 


END  VIEW 


DAICNSION  A 


SIDE  OEXURE-CCU.  0.«00  1%^  (FLEXURE-CELLS  I  AND  2) 

BOTTOM  flexure-cell  0.750  1  (FLEXURE-CELLS  3  THROUGH  6) 


FIG,  3.  Typical  Flcxurc-CcIl. 
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FIG.  4.  Axial  Column  Flexure. 
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Vertical  Deflccilon  Between 
Mange  Fjcei  of  0, 00-Inch- 
Dlameirr  Flexure— Cell, 
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FIC  14*  Lo«d  Vtma  ftnlB-lMdleslor  K*a41nc 
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riC.  IS,  Load  Vtm*  StrtlnaliMlleoler  BoodtnR 
for  Bottom  Flora*  4,  Undor  Tonoton, 
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liC,  20.  lojd  Venm  Stram-IndlcJior  UcaJli'g 
(or  lUMiom  I  lc*iir«  fi,  Under  Com|n«Mlon. 
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FIC.  24.  Post-Firing  View  of  Motor  Tcst-StarJ  Assembly. 
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INITIAL  niTRIIUTfON 


I  ('kief,  Ikiremi  of  Novol  Veapooo  (PWGR) 

4  (Iklef  of  Novol  Oporotlooo  (OpoioUoao  Cvolootloo  Croup) 

I  Chief  of  Novol  Roooorck  ((>iio  104) 

1  Fleet  AntUAir  Vorforo  TroielnK  (^olor,  Soo  Dle|to  (Cnlded  Mioolle  Section) 

1  Novol  Air  Moteriol  Center,  Philodelpklo 

2  Novol  Air  \lobilo  Troiolng,  Novol  Air  Stotion  Miromor 

Novol  Air  Mobile  Troiniofi  Detochmeot,  400S  Ordnonce  (1) 

Novol  Air  Mobile  Troininit  Detocbmeot,  4030  Miooile  (1) 

1  Novol  Air  Tom  Center,  Potuxent  River  (AeronouUcol  Publicotlono  I.lbrory) 

1  Novol  Avionieo  Foeility,  IndionopoHo  (Librory) 

1  Novol  Propellont  Plont,  Indion  lleod 

2  Novol  Underwoter  Crdoonee  Station,  Newport 

1  Novol  Reopooo  Evolootion  Focility,  Kirtlond  Air  Force  Rone  (Code  401) 

2  Novol  Veopooo  Serviceo  Office,  Novol  Wel^)ono  Plont 
I  Operotinnol  Toot  end  Evoluotion  Force 

1  llureou  of  Novol  Veopono  llroneh  Repreoentative,  Cumberlond 
1  Itureau  of  Novul  Weoponn  Repreoentative,  Anno,  Colif. 

I  llureou  of  Novol  Reopono  Reoident  Repreo«nlotive  Socromento 

1  Air  Force  Combridjie  Reoeorch  Itaborotorieo,  Lourence  G.  Ilonncom  Field 

2  Air  Proving  Ground  Center,  Kglin  Air  Force  Hone 

PGAPI  (1) 

I  Air  Pniveroily  Idbror)',  Maxwell  Air  Force  Hooe 
I  Tocticnl  Air  Commend,  l.ongley  Air  Force  Ilooe  (TPI.-H0l)*M) 

1  Mrure  II.  Sage  Connullant,  Paaadena 

1  lliompnon  llamo  looldridge  Inc.,  RR  Diviaion,  Canoga  Park,  Calif.  (Technical  Informnlinn 
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